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This effort involved the analysis of low frequency waves as observed by the Galileo spacecraft

near the Galilean moon, Io. Io is a significant source of material, especially SO2, and various

products of dissociation, and further these atoms and molecules are readily ionized. The initial

velocity of the ions is essentially that of the neutral species, i.e., the Keplerian velocity. The

plasma, on the other hand is co-rotating, and there is a differential flow of the order 57 km/s

between the plasma and the neutral particles. Thus pick-up ion instabilities are likely to occur

within the Jovian magnetosphere. Indeed, magnetometer observations from the Galileo

spacecraft clearly show ion cyclotron waves that have been identified with a large variety of

plasma species, such as O ÷, S ÷÷ (which has the same gyro-frequency as O÷), S÷, and SO2 ÷.

Typically, however, the dominant frequency is near the SO2 ÷ gyro-frequency.

The research effort was originally planned to be a team effort between Robert J. Strangeway as

the Principal Investigator, and Debbie Huddleston, who was an Assistant Research Geophysicist

at UCLA. Unfortunately, Dr. Huddleston took a position within Industry. The effort was

therefore descoped, and Dr. Strangeway instead pursued a collaboration with Dr. Xochitl

Blanco-Cano, of the Instituto de Geoffsica, Universidad Nacional Autonoma de Mexico. This

has proved to be a productive collaboration, with several papers and publications arising out of

the effort.

The magnetic field oscillations near Io generally fall into two types: ion cyclotron waves, with

frequencies near an ion gyro-frequency, and lower frequency mirror-mode waves. The ion

cyclotron waves are mainly transverse, and frequently propagate along the ambient magnetic

field. The mirror-mode waves are compressional waves, and they have essentially zero frequency

in the plasma rest frame. One of the purposes of our investigation is to understand what controls

the types of wave modes that occur, since both wave modes can be drive unstable by the pressure

anisotropy associated with the pick up ions. The pick ion velocity is perpendicular to the ambient

magnetic field, and is generally much larger than the thermal velocity, at least initially.

At its simplest, we found that the ion cyclotron waves are controlled by the parameters of the

species in gyro-resonance with the wave. Thus, while the growth rates for the lower mass (higher

gyro-frequency) pick-up ions are generally larger, we found that the heavier SO2 ÷ ion cyclotron

waves are generally preferred. This is because one of the effects of the wave instability is to

diffuse the ions in pitch angle and energy. The lower mass ions therefore consist of both a ring of

recently created pick-up ions, and a thermal background. This thermal background quenches the

ion cyclotron instability. SO2 ÷ is different, however. Being a molecule, the species can also

dissociate. Our analysis suggests that the dissociation acts on a time scale comparable to or faster



than the velocity spacediffusion time scale.Thereare consequentlyno thermal SO2+ ions to
quenchthe instability.

We havealso investigatedthemirror-mode.This modecanat timesgrow more rapidly thanthe
individual ion cyclotron waves.This is mainly becausethe mirror-mode can grow off the
pressureanisotropyof all thespeciescombined,whereastheion cyclotronwaveis dependenton
thepressureanisotropyof theindividualspecieswith whichthewavesarein resonance.

Lastly, aspartof thiseffort wehavebegunto investigatethe instabilityfor obliquelypropagating
modes. Galileo observationsshow that at times the ion cyclotron waves are significantly
elliptically polarized, and further the wave vector is at a large angle to the field. Kinetic
dispersionanalysisshows that while the peak growth rate occursalong the field, significant
growth canoccur for obliquepropagation.Dependingon thegroup velocity of the waves,it is
possiblethatobliquelypropagatingmodeshavehigheradvectivegrowth rate,but this hasyet to
bedetermined.
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